Objectives-To measure the impact of occupational and lifestyle factors on concentrations of organochlorine compounds in a general population sample living near an electrochemical factory with a high airborne concentration of hexachlorobenzene (HCB). Methods-Serum samples from 608 people (328 selected from a random sample) were collected in 1994. Information on lifestyles, occupation, and medical condition was obtained by questionnaire. Results-HCB and polychlorinated biphenyls (PCBs) were detected in all samples (means 36.7 ng/ml and 4.3 ng/ml respectively), followed by dichlorodiphenyl dichloroethane (DDE) and -hexachlorocyclohexane ( -HCH), found in 98.7% and 87.3% of the samples respectively (means 4.6 ng/ml and 2.5 ng/ml, respectively). Concentrations of HCB were the highest ever reported. Occupation in the factory was the main determinant of the variation in concentrations of HCB (regression coeYcients 1.52 (SEM 0.14) in ln (HCB) for workers in the production department, and 2.13 (0.23) for workers in maintenance department) and explained the highest concentrations of HCB found in men of middle age. In retired workers, concentrations of HCB declined with time since retirement. The PCBs, dichlorodiphenyl trichloroethane (DDT), and -HCH were independent of the occupation and concentrations were similar to those found in other populations. Concentrations of -HCH and DDE in the whole population, and HCB among non-workers, were higher in women than in men. Concentrations of all measured organochlorine compounds increased with age and body mass index. Consumption of locally caught fish was an independent determinant of HCB and PCB concentrations.
There is a broad range of organochlorine compounds produced by several basic chemical processes-such as the manufacture of plastics, solvents, pesticides, and other organic chemicals. The widespread distribution and environmental persistence of these compounds or their impurities has generated major concerns on their hazard for natural ecosystems and humans. The high lipophilicity and the resistance to biodegradation allow their bioaccumulation through food chains. 1 2 These chemicals can be found in all ecosystems, including those located far away from the site of emission. 3 They have also been found in human tissues throughout the world. 4 Hexachlorobenzene (HCB), -hexachlorocyclohexane ( -HCH), polychlorinated biphenyls (PCBs), p,p'dichlorodiphenyl trichloroethane (p,p'-DDT) and its stable metabolite p,p'-dichlordiphenyl dichlorethylene (p,p'-DDE) are some of the more commonly encountered organochlorine compounds. Various toxic eVects in experimental animals, including carcinogenicity, 5 immunotoxicity, 4 and eVects on the reproductive system 6 have been reported for these compounds. In humans, several epidemiological studies have reported an association between exposure to organochlorine compounds, mainly DDT and PCBs, and several health eVects-such as cancer of the breast, 7 brain, 8 9 pancreas, 10 thyroid, and soft tissue sarcomas, 11 adverse reproductive outcomes, 12 13 Parkinson's disease, 14 and developmental disorders among infants. 15 Complaints of odour in the population of a rural village of 5000 inhabitants in the vicinity of an organochlorine compound factory (Flix, Catalonia, Spain) led to the detection of unusually high atmospheric concentrations of HCB. The factory is the only one in the village. It was built in 1898 and has been producing volatile chlorinated solvents over the past four decades. During some periods DDT and PCBs were manufactured but their production ended in 1971 and 1987 respectively. A preliminary study on cancer incidence in this population showed this to be higher than that expected for cancer of the brain, thyroid, and soft tissue sarcoma among men. 16 We report here the descriptive analysis of organochlorine compounds in the serum samples of inhabitants of Flix and the assessment of the impact of occupational and lifestyle factors on these concentrations.
Material and methods

STUDY POPULATION
A cross sectional study was carried out on the 4178 inhabitants of the village aged over 14 years in June 1994. Subjects from a random sample of this general population older than 14 years (n=777) were asked to answer a questionnaire about residence, occupation, lifestyle, and medical history, administered by trained interviewers (n = 549, 70.5% response rate) and to provide biological samples (n=328, 42.1% response rate). Also, from the rest of this general population, 1251 subjects completed the questionnaire 280 of whom also provided biological samples voluntarily. No diVerences were found in socioeconomic and occupational variables and chronic diseases between subjects from the random samples with and without biological samples-for example, mean age 50.1 and 47.9 years respectively. 17 There were no diVerences in socioeconomic and occupational variables or in HCB serum concentrations between the 328 subjects of the random sample and the 280 volunteers-for example, geometric mean of HCB=16.9 ng/ml and 16.6 ng/ml respectively. Written consent for inclusion in the study was obtained in all cases. The 608 serum samples analysed in the present study corresponded to 249 men and 359 women aged 50.2 and 47.9 years, respectively.
EXPOSURE ASSESSMENT
Organochlorine compounds in serum samples were analysed by gas chromatography (GC) coupled to electron capture detection. Selected samples were analysed by GC coupled to chemical ionisation negative ion mass spectrometry. All the analyses were carried out in the Department of Environmental Chemistry (CID-CSIC). Details on the methods have been reported elsewhere. 18 Detection limits for HCB, -HCH, p,p'-DDE, and PCBs were 0.2, 1.1, 0.7, and 0.05, respectively. Comparisons of the analytical performance of this laboratory with those of leading laboratories in The Netherlands, Monaco, and United States over real blood samples with diVerent ranges of concentration of organochlorinated compounds-for example, HCB in the order of 2.2, 19, 44, and 95 ng/ml-showed that for the more abundant compounds, HCB and p,p'-DDE, analytical results of this laboratory were always from 10%-20% below the average of the results from all participating laboratories. In the case of the concentrations of minor compounds, in the order of 1 ng/ml, the results from this laboratory with respect to the whole group typically deviated by between 20% and 30%.
The exposure information obtained through the questionnaire was place of birth, place of residence, years of residence in Flix, use of pesticides, usual consumption of fish from the water reservoir that receives the discharges of the electrochemical plant, and occupation in the electrochemical factory. Information on specific jobs, departments, and duration of the employment in the electrochemical factory was also obtained for current and past workers.
STATISTICAL ANALYSIS
Initial descriptive statistical variables were computed. Because the distribution of serum concentrations of organochlorine compounds was skewed to the right, natural logarithmic transformations were used in the analysis. The concentration of organochlorine compounds below the detection limit were set at half the limit of detection in the analysis of 608 biological samples. Multiple linear regression analysis was conducted to model the main factors found in association with serum concentrations of organochlorine compounds. We introduced all exposure variables and the potential confounders such as age, sex, parity, social class, alcohol consumption, smoking habits, and medication in the regression model. Criteria for excluding variables from the final model were lack of association with the dependent variable (p>0.10) and lack of any confounding eVect. If a variable was significant for a model of one organochlorine compound, we present the coeYcients for this variable in the models for the other compounds. Analysis of residuals showed no violation of basic statistical assumptions. All statistical analyses were conducted with the SPSS package (SPSS, Chicago, IL, USA).
Results
Description of organochlorine compounds detected in more than 10% of serum samples of the village inhabitants is shown in table 1. Detectable concentrations of HCB and PCBs were found in all samples. The most prevalent PCB congener was the number 180. Detectable concentrations of p,p'-DDE, and -HCH were found in 98.7 % and 87.3 % of the cases analysed respectively. The highest concentrations were found for HCB, with a mean of 36.7 ng/ml and a maximum of 1485 ng/ml. Among the rest of the compounds, octachloroestyrene was the most common, being detectable in 27% of the serum samples. This study will be focused on the most prevalent compounds in these serum samples: HCB, -HCH, p,p'-DDE, and PCBs (summation of congeners Nos 28, 52, 101, 118, 153, 138, and 180). Table 2 shows the relation between HCB, -HCH, p,p'-DDE, and PCBs concentrations and sample characteristics. Concentrations of HCB and PCBs were higher in men than in women (p<0.01). Although concentrations of -HCH and p,p'-DDE increased slightly by age, concentrations of HCB and to a lesser extent PCBs decreased in the oldest age group. All four compounds increased with body mass index (kg/m 2 ) and with years of residence in Flix. However, distance of residence from the factory did not show any association with serum concentrations of organochlorine. Those who consumed fish from the water reservoir of Flix had higher concentrations of HCB and PCBs than non-consumers. No significant diVerences related to occupation were found in the serum concentrations of organochlorine compounds other than HCB. For HCB, the highest concentrations were found for current workers in the factory, most of them being men, and retired workers around 60 years old, whereas the lowest were found among people who had never been employed in the factory (figure 1). Among current workers, those in the maintenance and production departments had higher concentrations of HCB than those in the administrative sections. Duration of employment did not show any association with HCB concentrations. Workers with <10 years of employment had higher concentrations than workers with >10 years of employment, but diVerences were not significant. For -HCH, p,p'-DDE, and PCBs, concentrations increased with duration of employment, but diVerences disappeared after adjusting for age. Table 3 presents the results of multiple linear regression analysis for the concentrations of HCB, -HCH, p,p'-DDE, and PCBs in the whole study population. A model for HCB in non-workers is also presented as occupation in the electrochemical factory was a strong predictor of HCB concentrations. Predictors of -HCH, p,p'-DDE, and PCBs concentrations among non-workers were similar to those for the whole population. Concentrations of -HCH and p,p'-DDE in the whole population and concentrations of HCB in non-workers were higher in women than in men. Age and body mass index were both significantly associated with serum concentrations of all four compounds. Nevertheless, for HCB, the increase by age occurred only in women. In men, a decrease was found in those older than 64 years. An increase of HCB concentrations with age was found in both sexes when workers were excluded from the whole study population. Years of residence in Flix did not enter the model probably because of the high collinearity with age. Consumption of locally caught fish was associated with HCB and PCB concentrations. For HCB, the strongest association was for current occupation in the maintenance and production department of the electrochemical plant, then for retired workers. No information was available on breast feeding history among women, but the investigation of the relation between parity and concentrations of serum organochlorine, did not show any significant association (p values >0.08). Among retired workers, concentrations of HCB decreased with years since retirement (figure 2). The concentrations among those with <3 years of retirement were similar to concentrations among current workers. The concentrations became similar to those who had never worked after >10 years of retirement. Age adjusted concentrations showed the same pattern. The diVerence between concentrations in current workers and retired workers were only significant for the group of workers with between 5 and 9 years of retirement. 
Table 3 Predictors † (coeYcient (SE)) of the natural logarithm of the concentration (ng/ml) of (HCB), (b-HCH), (p,p'DDE) and (PCBs) in serum of 608 inhabitants near an organochlorine compounds factory in Flix (Catalonia, Spain) Variables ln (HCB) (n=608) ln (HCB) (n=421) Non-workers ln ( -HCH) (n=608) ln (p,p'DDE) (n=608) ln (PCBs) (n=608)
Constant
Discussion
The high concentrations of HCB in this population, and their relation with occupation in the electrochemical factory, may reflect inadequacies in the working conditions of the factory.
Concentrations of -HCH, p,p'-DDE, and
PCBs in this study were as high as have been found in other populations without any particularly high exposure. 7 19-22 Apart from the eVect of occupation in the electrochemical factory on HCB, age and body mass index were the main predictors of HCB, -HCH, p,p'-DDE, and PCBs in serum.
Serum concentrations of HCB in this study are the highest ever described. Concentration of HCB in serum of 370 subjects from the United States general population studied by Needham et al averaged 0.19 ng/ml. 23 In four population groups (total of 97 samples) in Zagreb (Croatia), serum concentrations of HCB ranged from <0.5 to 1.0 ng/ml. 20 The groups included workers employed in the distribution and packing of seeds treated with diVerent pesticides. Analysis of blood plasma samples collected from Germany showed that median annual concentrations of HCB between 1983 and 1989 ranged from 3.1 to 5.4 ng/ml. 24 The mean serum concentration described in a highly exposed population through the consumption of fish was 15 ng/ml in sports fishermen in the Elb river (Germany), 25 which is similar to the mean of the general population of Flix who had never worked in the electrochemical factory. However, the highest concentration found in that population was 55.2 whereas in ours, in non-workers, was 222.0 ng/ml. Concentrations of -HCH, p,p'-DDE, and PCBs were in the range reported in other studies. 7 19-22 Results of variability between laboratories confers validity to the results of HCB presented in this study.
Although biases due to the low response rate could compromise the ability of the results of this study to be generalised, the non-participants and participants did not diVer in socioeconomic variables. 17 Moreover, participants did not know the specific objectives of the study nor their organochlorine concentrations and the response rate among current workers (41.8% of total current workers) was the same as that of the total study population. Also, no diVerences in the results were found when analysing volunteers and subjects from the random sample separately. Overall these arguments suggest that the results were not due to a selection bias.
Pollution by HCB is generated as a by product in the synthesis of chlorinated solvents. This activity was carried out in the factory during past decades, and was the most probable source of the high airborne concentrations of HCB found repeatedly in the village. 16 The high concentrations detected in serum samples of this population probably reflect the incorporation of this compound through the respiratory system. Also, concentrations of organochlorine compounds in foodstuVs produced in this village, were similar to those found in other studies, 26 and represent a small fraction of the total dietary intake. Usual diet does not, therefore, explain the high concentrations of HCB in serum. Only consumption of fish from the water reservoir of Flix was associated with high concentrations of HCB and PCBs, probably reflecting the practice of dumping chemical waste into the water reservoir.
Women had higher concentrations of -HCH and p,p'-DDE, and among nonworkers, of women had higher concentrations of HCB than men. Other studies also reported higher concentrations in women than in men. 27 28 This diVerence could be related to diVerences in metabolism. It has been found that metabolism of HCB mediated by glutathion was higher in men than in women. 29 Few studies have assessed diVerences in organochlorine concentrations by sex, partly because most of the studies have been done only on women. In other studies no consistent diVerences have been reported, 24 30 but failure to adjust for occupation may explain part of these inconsistencies.
Concentrations of organochlorine compounds increased with age. This has also been found in studies of blood samples or adipose tissue samples. 2 31 32 In our study, an interaction between age and sex was found for HCB concentrations. The interaction was not found for non-workers, implying that it could be related to the exposure in the factory. Men in the oldest age group are retired from the factory and therefore they are no longer so highly exposed. The decline of HCB concentrations after retirement from the electrochemical factory, could reflect the half life of this compound in humans. Because of the cross sectional nature of data, serial samples from the same person are not available. Nevertheless, mean HCB concentrations were lower in retired workers with >3 years of retirement, suggesting that the half life could be between 3 and 4 years. Previous information on the half life of HCB in humans is scarce. Currier et al 33 estimated this period as 2 years based on a small study of workers who were transferred from a department with potential exposure to HCB to production areas free from such exposure. The half lives estimated in monkeys were 2.5-5 years. 34 Duration of employment among work- > 9 y Never *p = 0.05 v current workers adjusted for age and sex * * ers was not related to organochlorine concentrations. Workers with few years of employment had the highest concentrations of HCB, suggesting that they may have been carrying out the most exposed jobs. Concentrations of -HCH, p,p'-DDE, and PCBs were higher in past workers than in current workers but this is to be expected because PCBs and DDT are no longer produced.
Relation with body mass index has also been reported. 25 Changes in body weight during the weeks or months preceding sampling may also influence organochlorine concentrations. 35 When lipolysis of stored fat occurs, persistent lipophilic chemicals contained in the fat are mobilised and redistributed. 36 In our study, body mass index as well as loss of weight were associated with organochlorine concentrations although weight loss was only significant for HCB concentrations. People consuming fish caught in the Flix water reservoir had higher concentrations of HCB and PCBs than nonconsumers. The diVerence was significant although only 17 persons reported that they ate local fish. Consumption of seafood and fish has been reported to be an important source of organochlorine compounds. 22 25 32 37 Distance of residence from the factory was not related to HCB concentrations probably due to the distances being small in the area studied.
Some studies have found an association between alcohol consumption and smoking and PCBs and DDE concentrations in breast milk. 2 32 In our study, no association was found with any of the concentrations of organochlorine compounds in serum samples. Among women, organochlorine compounds-such as PCBs and DDT in milk decreases with the number of breastfed children. 2 It has been reported that organochlorine concentrations in milk decrease with parity, a surrogate for past breastfeeding. In our study, although adjusting for age, related to both parity and organochlorine compounds, no significant association was found.
In conclusion, an important impact of a point source emission on the body burden of HCB in the surrounding general population has been investigated. Occupation in the factory was the main determinant of the variation in concentrations of HCB and explained the diVerences in age and sex. Airborne pollution, however, explained the high concentrations of HCB compared with other organochlorine compounds among non-workers. A second minor source of organochlorine intake was local fish consumption, particularly for HCB and PCBs. Concentrations of -HCH, DDE, and PCBs did not vary with occupation, signalling background concentrations probably incorporated through diet. -HCH, p,p'-DDE, and HCB among non-workers, were higher among women than men, and serum concentrations of all organochlorine compounds analysed increased with age and body mass index. These aspects are important when considering body burden and eVects in human populations environmentally or occupationally exposed to organochlorines. The study also provides useful information for surveillance around the world of the many populations still highly exposed to some of these compounds with potentially severe health eVects.
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